The aim of current study was to evaluate the status of Taudaha lake water with respect to different physico-chemical parameters (pH, electrical conductivity, dissolved oxygen, free CO 2 , total dissolved solids (TDS), total suspended solids (TSS), total solids (TS), total alkalinity, total hardness, chloride, nitrate, sulphate, phosphate, sodium, calcium, magnesium, lead, cadmium, copper and zinc) in monsoon season 2012. Results reveal that almost all the physico-chemical parameters including the elemental investigation of the lake water have values within the range of the maximum permissible levels for drinking water. The results were compared with WHO water quality guidelines as well as with literature values reported for global lake water.
Introduction
Lakes and surface water reservoirs are the planet's most important freshwater resources and provide innumerable benefits. They are used for domestic and irrigation purposes, and provide ecosystems for aquatic life especially fish, thereby functioning as a source of essential protein, and for significant elements of the world's biological diversity. They have important social and economic benefits as a result of tourism and recreation, and are culturally and aesthetically important for people throughout the world. They also play an equally important role in flood control [1] . However, the remarkable increase in population resulted in a considerable consumption of the water reserves world wide [2] . The quality of surface water is largely affected by natural processes (weathering and soil erosion) as well as anthropogenic inputs (municipal and industrial wastewater discharge). The anthropogenic discharges represent a constant polluting source, whereas surface runoff is a seasonal phenomenon, largely affected by climatic conditions [3, 4] . Among environmental pollutants, metals are of particular concern, due to their potential toxic effect and ability to bioaccumulation in aquatic ecosystems [5, 6] . Therefore, it has public interest [7, 8] . The serious environmental problems have been faced in developing as well as developed countries [9] . Dissolved constituents of water bodies are often determined as a major component for baseline limnological studies. The major ions Ca 2+ , Mg 2+ , Na + , K + , Cl -, SO 4 2-, HCO 3 - , and CO 3 2-are essential constitute of water and responsible for ionic salinity as compared with other ions [10] . Contamination of aquatic ecosystems with heavy metals is a serious problem all over the world [11] .
Water quality monitoring has a high priority for the determination of current conditions and long-term trends for effective management. The supply of safe water has a significant impact on the anticipation of water transmissible diseases [12] . The abundance of organic compounds, radionuclides, toxic chemicals, nitrites and nitrates in water may cause unfavorable effects on the human health especially cancer, other human body malfunctions and chronic illnesses [13] . Therefore, it is necessary to frequently monitor water quality, used for drinking purposes. Taudaha, the only natural lake in Central Nepal at an altitude of 1350 m with 27° 38.88' N latitude and 85° 17.05' E longitude is located approximately 10 km away from the center of Kathmandu [14] . The lake is situated here from the time immemorial holding historical significance of Kathmandu valley long before the settlement of human society. According to the legend, the lake was created by God Manjushree as a home for the king of serpents Karkotak and his wife who lost their home when the valley was drained. It is also believed that Karkotak resides to this day in the epicenter of the lake. At present, the mean depth of the lake is approximately 3 m and it covers an area of 4 hectare. It has eight corners with uneven in shape, nine inlets covering north-west agricultural fields and permanent outlet towards southwest. It is reported to have in average 0.12 million liters water inlets per day and outlet in average 0.27 million liters of water per day [14] . Because of the religious importance, townspeople come to the lake twice a year for paying homage to this sacred site. Presently, Karkotak Nagraja Nagrani Resident Restoration Society (KNNRRS) has been safe guarding the place that has now turned into recreation center for visitors and nature lovers as well as for ecological studies. Therefore, it has become necessary to monitor water quality to observe the pollution level of the surface water of the lake time to time. Several water analyses have been regularly conducted by different scientific groups across the country. The present work is an attempt to examine the water quality status of the lake with respect to different physico-chemical parameters in monsoon season.
Material and Methods

Study site and sample collection
Taudaha lake ( Fig. 1 ) was selected for the study purpose because it holds the ancient history of Kathmandu valley. The sampling network was designed to cover a wide range of determinates of key sites, which reasonably represent the water quality of the lake system. Multiple samples for different analytical purposes were collected using separate PET bottles from 6 key sites of the same station in monsoon season. All water samples were delivered on the same day to laboratory and stored at 4°C until further processing and analysis. Analytical procedure Different physico-chemical parameters were determined using the following methods: the water temperature, pH, electrical conductivity (EC), of each water sample were measured at the sampling points by a mercury thermometer, digital pH meter and EC meter, respectively. In laboratory, TDS, TSS and TS were determined by drying and weighing method. Measurement of DO was done by Winkler's Iodometric method while free CO 2 by titrimetric method using standard 0.05 N NaOH [15] . For anions and metal analysis, the duplicate aqueous samples of each site were filtered through Whatman filter paper No. 42 and the samples were divided into two parts. One part was used for analysis of anions and the remaining physico-chemical parameters, while second part treated with 1mL of concentrated HNO 3 for metal analysis. Total alkalinity was determined by acid titration using methyl-orange as endpoint while total hardness by complexometric titration method [15] . Chloride was measured by silver nitrate (AgNO 3 ) titration using potassium chromate (K 2 CrO 4 ) solution as an indicator and nitrate was measured by phenol disulphonic acid method [15] . Similarly, phosphate was determined by molybdate ascorbic acid method and sulphate was determined spectrophotometrically by barium sulfate turbidity method [16] . The acid-treated water samples were further diluted 20-time with ultrapure water for analyzing Na and Ca, using flame photometry, while Mg was determined by the flame atomic absorption spectrometer (FAAS). For trace and toxic elements, the volume of water samples was reduced four-fold at 60°C on an electric hot plate. Zinc, copper, lead and cadmium were determined by Varian Model-AA240FS fast sequential atomic absorption spectrophotometer (AAS).
Reagents and solutions
All chemicals used were of analytical reagent grade or the highest purity available. Doubly distilled water was used throughout the study. Standard solutions of all the elements were prepared by dilution of certified standard solutions 1000 ppm, Fluka Kamica (Buchs SG and Switzerland) of corresponding metal ions. The quality of the analytical data was ensured through careful standardization and blank measurements. Descriptive statistics using simply mean and standard deviation was used for analysis of the results.
Results and Discussion
The physico-chemical parameters and elemental concentrations of water samples collected from 6 sampling sites of the Taudaha lake water are presented in Table 1 , 2 and 3 respectively; the results are compared with the values of World Health recommended maximum permissible limits [17] and with other global published values on lakes in different continents. The Taudaha lake water recorded 29 o C in average during the study period. The temperature is one of the important factors in aquatic environment since it regulates physicochemical as well as biological activities [18] . Mean pH value (8.9) of the lake water was found in the alkaline range ( Table 1 ). The pH range (8.6-9.1) of the water samples were found above the upper limit defined by WHO guidelines of 6.5-8.5 [17] . High value of pH may result due to waste discharge, microbial decomposition of organic matter in the water body or may be attributed to sewage discharge by surrounding human population [19] ) constitute the total ionic salinity in most fresh water as reported in literature [20] . Electrical conductivity is a measure of water capability to transmit electric current and also it is a tool to assess the purity of water. The EC values of the lake water were found to be lower as compared to the maximum permissible levels recommended by WHO (2004) guidelines for drinking water. The mean conductivity values of the lake water were lower than those reported in literature (Table 1) for other lakes [21] [22] [23] 31] except in the case of Tuskegee Lake, USA [30] . Mean TDS, TSS and TS values in the present study were found to be 124.5, 621.4 and 745.8 mg/L respectively. High levels of TDS, TSS and TS in water used for drinking purposes may lead to many diseases [33] . The WHO has established water quality standard of 500 mg/l to provide for palatability of drinking water [17] . Accordingly, the TDS value was found to be lower than the maximum permissible limit. DO is of great importance to all living organisms. Besides, it is a very important parameter of water quality and an index of physical and biological process going on in water. It may be present in water due to direct diffusion from air and photosynthetic activity of autotrophs [19] . In the present study, the mean concentration of dissolved oxygen (5.8 mg/L) was found to be within the permissible level for drinking water (Table 1 ) [17] . This value was observed in monsoon season, which favours solubility of oxygen in water bodies [19] . Moitra and Bhattacharya [34] found maximum dissolved oxygen in winter season which they explained due to low temperature. The minimum dissolved oxygen was found in summer due to high temperature, and higher microbial demand of oxygen for decomposition of suspended organic matter [35, 36] . Mean free CO 2 was found to be 21.6 mg/L (Table 1) , the value higher than the maximum permissible limit as defined by WHO guidelines [17] . Our results are in agreement with that reported by Chettry and Pal [37] . They observed positive and significant correlation with biological oxygen demand but inverse and significant correlation with total alkalinity and total hardness. However, minimum free carbon dioxide was reported during winter season [38] . Mean value of the total alkalinity of the lake water was found to be 111.7 mg/L (Table 1) ; the value being well below the maximum permissible limit according to WHO [17] . The value was also lower than that of Manchar Lake, Pakistan [21] but was higher than Tuskegee Lake, USA [30] . Das and Chand [39] also recorded low alkalinity during monsoon supporting our results, which might be due to dilution effect of rainfall. Total hardness is the total soluble magnesium and calcium salts present in the water expressed as its CaCO 3 equivalent. The hardness of water increases in the polluted water by the deposition of such salts [19] . The total hardness in the Taudaha lake was found to be 106.3 mg/L (Table 1 ). This mean value lies within the range of the WHO recommended value [17] . Khan et al. [40] also found similar results in Triveni lake water of Amravati district, India during monsoon season. Similarly, Patralekh [41] recorded minimum quantity in rainy season stating due to more dilution of water. However, maximum total hardness in winter season might be due to low volume of water and slow current of water [42] . The concentrations of Cl -, SO 4 2-and PO 4 3-in Taudaha lake water did not exceed the WHO recommended values ( Table 2 ). The value of Cl -was higher than that of Tuskegee Lake, USA [30] but significantly lower than Manchar lake, Pakistan [21] . According to Versari et al. [43] , chloride concentrations higher than 200 mg/L are considered to be a risk for human health and may cause unpleasant taste of water. Munawar [44] has suggested that higher concentration of chloride in water is an index of pollution of animal origin and there is a direct relation between chloride concentration and pollution level. The concentration of SO 4 2-in the lake water was significantly lower than those of the reported literature [21, 30] but the value was almost similar to Siberian Ponde [28] . On the contrary, the value of PO 4 3-was found to be higher than Manchar lake, Pakistan [21] and Tuskegee lake, USA [30] but it was significantly lower than Kasumigaura lake, Japan [27] . The NO 3 -concentration in the lake was found to be 1.9 mg/L. It has been found that all the elemental investigation of the Taudaha lake water have lower values as compared to the maximum permissible levels of these elements in drinking water (Table 3) . However, the concentration of Ca 2+ was higher in the lake water sample as compared to Mg 2+ and Na + . When compared with other global published values, the Ca 2+ concentration was significantly lower than the value reported in the literature [21, 28] but was higher than those reported values in the literature [27, 30] . Similarly, the Mg 2+ value in the lake water was significantly lower than Manchar Lake, Pakistan [21] and Latvian lakes [32] but was higher than Kasumigaura lake, Japan [27] and Tuskegee lake, USA [30] . Likewise, the Na + value in the lake water was significantly lower than the reported values in the literature [21, 22, 27, 32] but higher than the value of Tuskegee lake, USA [30] . It has been reported that high consumption of salts, particularly NaCl, may be crucial for the development of hypertension and increases the risk for stroke, left ventricular hypertrophy, osteoporosis, renal stones and asthma [45] . The concentration of toxic elements Cd, Cu, Pb and Zn detected in the lake water were found to be multifold lower than the maximum permissible limits of these elements in drinking water ( Table 3 ). The level of Cd in the lake water was significantly lower than Manchar lake (Pakistan) [21] , Lake Nakuru (Kenya) [22] and Nacharam Lake (India) [29] while higher than the other lakes [23, 24, 26, 27, 28, [30] [31] [32] (Table 3) . It has been reported that the elevated concentrations of Cd can cause nausea, vomiting, salivation and renal failure as well as kidney, liver and blood damages [46] . The concentration of Pb in the understudy lake water was higher than other 8 lakes water samples [23, 24, 26, 27, [29] [30] [31] [32] but significantly lower than those reported in the literature [21, 28] . The adverse health effects of lead consist of various cancers, adverse reproductive outcomes, cardiovascular and neurological diseases [47] . Cu and Zn showed almost similar behaviour and their concentrations in the lake water were found to be significantly lower than the maximum permissible levels (Table 3) . Besides, they were also found to be lower than the reported values of the literature [21, 22, 25] but higher than other lake water samples [30] [31] [32] . Both the metals are essential nutrients for plants and animals, occurring naturally in environment. In natural waters, Cu and Zn are largely bound to dissolved organic compounds. Cu is excreted in animal 
Japan [27] 8.0 ± 0.1 waste, which can contaminate water, and may impair human health. Zn may also increase the acidity of water [47] . Although humans can handle proportionally large concentration of zinc, too much zinc can still cause eminent health problems, such as stomach cramps, skin irritations, vomiting, nausea and anemia [48] . 
Conclusion
As might be evident from the present study that the Taudaha lake possesses better water quality status under the study period since all the physico-chemical analyzes indicate the values within the maximum permissible limits for drinking water as recommended by WHO. Besides, the surface water quality of the lake is also found to be in better condition than many of the reported global lake water. Nevertheless, the physico-chemical parameters undertaken for the present study may have either positive or negative correlation with one another. Further investigation on seasonal variation in the water quality parameters is therefore required to arrive at the specified conclusion. Since the lake is of historic importance, it may be suggested for interventions on any kind of anthropogenic activities which bear responsibilities for the lake water quality deterioration. It may be expected that the outcomes of the present investigation may furnish useful information for future planning in using the lake water for drinking purpose.
